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FLIG-HT-TEST iffix^SUREPENTS OF ..ILERON 

CONTROL- SURF^.CS BEHAVIOUR ^:,T 

SUPERCRITICAL liACH irJiSSRS 

By Karvej? H. Brovm^ 

George Rathert, Jr., 
and Lawrence Clousing. 


SUiCi^Y 

The behaviour at supercritical Mc.ch numbers of the 
ain.erons of a jet-propelled fighter has been measured up 
to ^ 0 . 860 Mach number. The considerable amount of aileron 
upx loat occurring a.t these Mach numbers was feund to be 

loss in pressure recovery on the upper surface 
ait of tne snook wave which caused very largo increases in 
tho pLllGr’on h-ingG nioniGntis* Dtits. olot/ctinGo. fpom or*GssupG*- 
distribution measurements are presented to show" the very 
critical effect of Mach numoor on the me.gnltude of these 
n inge moime nt s . 


-■aileron oscilirtlons were aRso encountered, ranginc: in 
severity from a spasmodic lo^-’-amplitude "buzz" to a motion 
so violent the allei'on was deformed. The com.para.tlvely milld 
ouzz should oe considered a preliminary warning of the'" 
appearance of the more severe and dangerous oscillations. 

C'ondltion ooundary defining the first appearance 
01 the buzz is presented in terms of Mr 
tao alrplrne lift coefficient and the e 

X orce coefxlcicnt over the c.ilcron. This flight— tost boundaj’y 
IS In^Gxcolicnt ag-rcement with v;ind-tunnel tests of a martial- 
span lUil-scalo wing with the aileron free. Tj’-plcal aileron 
angle ana pressure— distribution records aro also presented 


•cxi number and 1 
'.verage section 


)oth 

normal- 


illustrato some of the characteristics of the oscillations. 


to 


CCNFIBEI'TTI^L 


2 


CCI'TIDENTIAL 


NrtCi^ RM Mo . K~l h3J^ 


INTRODUCTIOI! 


In the past few j^ears^ experience during high-speed 
flight has indicated serious changes in the behaviour of the 
a-.ileron control surfaces at speeds a,bove the critical Ma.ch 
nu3>bers of the airfoil sections now in use. 3uch changes 
have been evidenced by large a.mounts cf aileron upfloat^ 
indicating large chang'es in the magnitude of the air loads and 
hinge moments^ and the appearance of aileron oscillations. 

In the course of wing pressure-distribution measurements 
and various other tests of a turbojet-propelled fighter examples 
of this behaviour at supercritical Mach numbers have been 
encountered several times. During the highest speed dive, in 
which a Mach number of 0.866 was reached, the severity of the 
aileron oscillations Increased quite rapidly and the motion 
becaume so violent that one aileron was deformed. So far as 
is known, this is the only time the more violent and dangerous 
oscillation has been encountered in flight. 

This report presents a summary of a.ll the data on aileron 
behaviour at supercritical Mach number which have been obtained 
incidental to these scheduled tests. 


DEDCRIPTIOK OF THE .-.IRPL^NE iii'iD THE IMSTRUhEKTnllON 

The tests were conducted on the turbo jet— propelled 
lighter airplane shown in the throe-view drawing, (See fig. 1.) 
Figures 2 and 3 side-viexv’ and plan-form photographs, 

respectively, of the airplane as instrumented for flight tests. 

The dimensions of the wing and aileron are listed in 
table I. Table II contains the ordinates for the theoretical 
wing contour (KAGrt 65i-2l3 (a = O.S)), The deviations of the 
actual wing sections from the theoretlca.l contour are presented 
in figure ^ for e^.ch of the four pressure-dlstrlbutlon-orlf ice 
stations . 

The aileron control system of this type of airplane v?as 
unusually rigid as comoared with other present-day fighter 
airplanes and employed a power boost in operating the ailerons. 
The ailerons were ecuipped lA^ith piano-type hinges located on 
the up'oer surface of the wing and were approxim,a.tely statically 
and dynamically mass-balanced but had no aerodynamic balance. 
Throughout the test program the aileron cable tension was 
rigged a,t pounds at JC F . 


CONFIDENTIAL 


RM No. A7.-il5 


CONFIDENTIAL 


3 


Stano.ard N«CA Instruments v-ere used 
aileron angle, normal acceleration factor 
inuicated airspeed, and wing-pressure dia 


to record 
, pressure 
tributlon. 


the 

altitude, 


^^.CCURatCY OF RESULTS 

F-ch used in computing the vailues of 

™ t)ressure coefficient were obtained by 

correcting tne static cressure at tho frce-swl yelling airspeed 
head mounted on the right-wing tip (fig. 2) for position e??or 
as do^ermined from a low-altitudi flight calibration. 
o.daition, tne error inherent in the airspeed head itself due 

the from a calibration made in 

high-speed wind tunnel and corrections were 
firspced recorder, altimeter, and edl other pres- 
calibrated at several temperatures to pSmft 

efiects from tho data. The accuracy 
01 tne aata is as follows: ^ 


L = ±0.005 
P = -10/q 
5a = ±0.2° 

The symbols used throughout the report 
appendix. 


are presented in the 


HS3ULTS ^.ND DISCUSSION 


Aileron Upfloat 

effect of Mach nuruber on the upfloating angle of the 
snown ^or various values of airplane lift 

curves were ob-ualned from 

u.oasurements of tho right aileron position only, during a 
^Gi les high— opeed dives. Subseouent measurements 

the mean defxcctlon of both ailerons, indicated in figure 
oy symools, suostantia. icd the trends of the de.t^ obtained 
from the right aileron alone. 


of 

5 


the 


Since the aileron control system was quite rigid, oixc 
large upiloating angles obtained indicated that very large 
hinge moments were being cncountcrod. The magnitudes of the 
inge moment s^at zero aileron angle ivere determined by using 
tho prcSvSupG cll strlbutl ons ovor tho aft 25 DGroont of the 
w'lng Inooard of the ailerons (fig. l) to compute the moment 
coefiicicnts about the 75-percent-chord line*. These data are 
prescnti^d in figure 6 a,nd shoxir that for zero aileron deflection 
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the hinge moments become extremely large at supercritical Mach 
numbers. It is further apparent that in this speed range the 
hinge moments are a sensitive function of Mach number. 

The reason for these large hinge moments is illustrated 
by figure 7* this figure a ciiordv/ise pressure distribution 

at a subcritical Mach number is contrasted with another at the 
same airplane life coefficient but at a Mach number considerably 
a.bove the critical. In comparison, the supercritical Mach 
number distribution shovjs a very large loss in pressure recovery 
aft of the shock xi?ave which is responsible for the increase in 
hin^e mom.ent. This la.rge loss in i>ressure recovery is 
presumably due to shock induced separation on the upper 
surface . 

The effect of aileron deflection on the critical Mach 
number of the theoretical airfoil section, ca.lculated by the 
method of reference 1 for the range of upfloatlng angles 
encountered, is presented in flgui’e 2. A fo’A’ experimental 
values from the flight-tost pressure distributions arc included. 
JA comparison indicates xhc flight— test critical Mach number to 
be from O.OI 5 to 0*025 loxvcr than the thooretlcal. 


iiileron Oscillations 

A low-amplitude aileron oscillation known as "buzz" was 
encountered several times during the flight tests. This buzz 
was spasmodic when first encountered but a.s the speed Increa.sed 
became a sustained oscillation with a frequency of approximately 
20 cycles per second a.nd a range of movement of about 2°. 

Typical aiieron-£.ngle records during buzz a.t various Mach 
numbers are reproduced In figure 9* Figure 10(a) is a photograph 
of the left aileron taken during the buzz^ showing the blurred 
image of the trailing edge. The angle between the converging 
images of the upper edge of the black stripe across the aileron 
indicates the small amplitude of the motion. 

At a Mach number of about O.O 5 during a high-speed dive 
the buzz developed into a much higher amplitude oscillation of 
sufficient violence to cause the trailing edge of the left 
r, Heron to buckle. Figure 11 is a time history of a portion 
of this dive and pull-out showring the record of the right aileron 
position. The records indicated tlnat the aileron oscillated 
about an up-posltion over a range of aFoout 6°, but the frequency 
could not be determined. The photograph of the left a.ileron 
during the flutter (fig. 10(b)) shovjs the considerable Increase 
in the angle formed bj' the images of the edge of the black 
stripe. The double image of the star insignia indicates the 
amount of general buffeting accompanying the aileron oscillations. 

COMFIDSMTIAL 


NACx. m No. A 7 AI 5 


CO^FIDEI■?IAL 


5 


ijigure 12 is a photograph ot the aileron taken after the 
flight to show tne buckle in the trailing edge caused bv the 
flutter. V 

^flight- test boundary defining the first appearance of 
Sjja.sitodic buzz in teruis of Mach nuniber and a.irpla^ne lift 
coefiicient is presented as the solid line in figure 13 
Corresponding: values of the average section normal-force 
f f ic j.e n o of the wing section through the a.ileron a.re 
spotted on the curve for convenient reference. 

■nt higher Mach numbers the buzz became a stea.dy and 
sustained motion^ a^s Indicated on figure 13 by the souare 
symbols. Further Increases in ifech number resulted in" 
bra.nsltlon to the^more violent and severe flutter indicated 
circles, it is prooacle; hoX'jever, that the loca.tion 
of this transition can be shifted by changes in the acjount of 
cable tension or aileron restraint. For this reason t^io 
specific increment in Mach number indicated in figure 13 
between the buzz and the more dangerous oscillation should 
not be interpreted as a. gencro.lly applica.ble factor of safety. 

Figure 14 is a boundary for the first appearaLneo of 
aileron oscillations which is expressed in terms of the aver- 
age section normal-force coefficient of the wing section 
through the aileron rather than the airplane lift coefficient, 
me flight— test boundary falls only 0.007 i'^ch number below 
the da.ta^ irom bests in the ^mes lo— foot high— soeed wind ' 
tunnel of a partial-span installation of an identical full- 
sccile wing with a, free aileron, Ihls close a.greemcnt betv/cen 
tesbs conducted with high ca.’ole tension f.nd with no restra.int 
ct all demonstrates the validity of using tho buzz bounda.ry 
as a signal of possible dangerous flutter at some higher Mach 
number ; depending upon the a.mount of restiT.int and damping in 
the aileron control system. 

The section c:?itical Mach numbers, determined both from 
flight tests and from theory, ejre also presented in figure l4 
to show that the buzz actually occurs at a -oractically con- 
stant Increment of Mach number above the section critic'll 
Mach number, regardless of the value of the section normal- 
force coefficient or the airplane lift coefficient. 

The cause of the aileron oscillations has been determined 
from the vjind-tunnel tests of the partia.l-span lnsta.llat.ions 
of a full-scale wing. Shadowgra.ph pictures taiken during these 


J-Unpublished data on file at this labora.tory 
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tests demonstrate that there Is a coupling between the aileron 
motion and shock- Induced separation originating forward of the 
aileron. In view of this explanation an examination of the 
pressure measurements in the region of the aileron, obtained 
during the oscillations, is of interest. 

Figures I5 and 16 present pressure distributions both for 
a v/lng’ station over the aileron (station I52) and inboard of 
the aileron (station IO5.25) during the buzz at 14 = and 

the more violent oscillations or flutter at M = 0.g66, respec- 
tively. The pressure-distribution records for the orifices on 
the aileron indicate severe flow separation on the upper surface 
of the wing during the violent flutter. Daring the buzz, 
pressures on both the upper a.nd lower surfavces of the aileron 
remained steady, largely due to the small amplitude of the 
motion. During the more violent flutter, however, as noted in 
figure 16, the pressures on the lower surface showed the extreme 
fluctuations which would bo expected with a rapid motion over 
a range of 6°. The upper- surface pressures, however, were 
quite steady, which is presumed to indicate that the orifices 
were always in a region of severe flow separation. Two pressure- 
cell records from station I52 which are t3qolcal of a,ll pressure 
records on the aileron are presented in figiure 17 and illustrate 
this difference in behaviour. 

Flight-test measurements of the chordwlse location of the 
shock at the supercritical Kach numbers at which aileron 
oscillations occurred (O.SG to 0.S6) are shown in figure IS 
for both the upper and loxver surfaces. The location of the 
shock was defined as the chordwlse location at which a sharp 
break in the uressure distribution occurred. It is interest- 
ing to note that in this Mach number range the location of the 
upper-surface shock has stopped moving aft with increasing Mach 
number and has become fixed; whereas the lower surface shock is 
still moving aft. These results indicate the w'ide variety in 
flow conditions under which oscillations of the aileron may occur. 


GOFCLUSIOI'S 

An ana.lysis of the behaviour at supercritical Mach numbers 
of the ailerons of a tjrpioal turbojet-'or ope lied fighter has led 
to the following: 

1. The considerable loss in pressure recovery on the 
upper surface aft of the shock wave produced large increases 
in the aileron air loads and hinge moments, resulting in 
large aileron upfloating angles. The Increases in loading 
Imposed on the aileron structure a.nd the control system 
v/arrant serious consideration in the design of high-speed 
aircraft . 
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2. The first appearance of aileron oscillations in 
flight was established in tercis of a boundary defined by the 
^'iSiCh numoer ano. 00th the airpla.ne lift coefficient and the 
average sectional normal-force coefficient of the wing section 
tnrough the aileron. The oscillations a.lways a.ppeared at a 
practica.lly constant Increment of lia.ch number above the 
section critical Mach number. 

3. The severity of the aileron csclllatlons increased 
rapidly to the highest test Ha.ch number, and the motion 
oecame so violent one aileron xvas deformed. Good agreement 
between buzz boundaries established by flight tests of a 

^ siileron and v.'lnd— tunnel tests of a free aileron 
indicated that the buzz boundary is a useful signal of the 
possible appearance of more violent and da.ngerous oscillations 
at some higher Mach number, depending on the am.ount of 
restraint and damping in the aileron control system. 
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APPSIIDIX 

SYII5QLS 


Az 


c 




Cn 


il 

P 

PU 

Pl 

p 


Po 

q 

s 


X 






airplane noi'r.al acceleration factor (Z/IJ) 

ving section chord, ft 

section hinge-moment coefficient 


1.00 



airplane lift coefficient, computed by the formula 
Agir/qS 

section norm.al-f orce coefficient 



ilach number, ratio of airspeed to speed of sound 

f 'p - 'O.. \ 

pressure coefficient - P - J 

pressure coefficient on upper surface 
pressure coefficient on longer surface 
static orifice pressure, Ib/sci ft 
free-stream static pressure, Ib/sq ft 
dynamic pressure (-mpV ), Ib/sq ft 
uing area, sq ft 

chord^ase location from leading edge, ft 
airplane gross T-reight, lb 
aerodynamic normal force on airplane, lb 
aileron control-surface deflection, deg 
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TABLE I.- BASIC DlitEWSIONAL DATA OE THE TEST AIRPLANE. 



Wing 

Area , sq ft . . . . 


Span, ft 


Aspect ratio . 


Taper ratio 



Mean aerodynamic chord, in 80.6 

Dihedral of trailing edge 

of wing, deg 3.85 

Incidence*- root chord, deg. 1.00 


Geometric twist, deg 

,...1.50 vmshout from root to tip 

Root section. 


Tip section 


Percent line, straight ... 



Aileron 

Area aft of hinge line, 
sq ft (both sides) 


Fixed surface affected by 
movable s-urface, sq ft 
(both sides ) 


Span, ft (one side) 



Mean aerodynamic chord, ft I, 2 l 6 

Hinge -line location, 

percent chord 75.0 


T3?-pe of aileron No 

aerodynamic balance, piano hinge 
on upper sin?face, power -boost 
control system, approximately 
statically and dymamlcally 
mass -balanced 

Travel 


Tabs 



*• Incidence measured with respect to thrust line. 
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TABLE II.- ORDIHATES OF NACA 65^-213 (a - O. 5 ) AIRFOIL 
[All stations and ordinates In percent chord J 
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Upper 

svirface 

Lower 

surface 

Station 

Ordinate 

Station 

Ordinate 

0 

0 

0 

0 

. 3 S 

1.06 

.62 

-.92 

.62 

1.29 

.ss 

-1.10 

1,10 

1.64 

1.40 

-1.35 

2.34 

2.2s 

2.66 

-1.76 

4 . SI 

3.26 

5.19 

-2.3s 

7.31 

4.02 

7.69 

- 2 .S 4 

9 . SO 

4.67 

10.20 

-3.22 

14. SI 

5.71 

15.19 

- 3 .S 2 

1 ?.S 3 

6.51 

20.17 

-4.26 

24 . S 6 

7.12 

25.14 

- 4.59 

29 . S 9 

7.56 

30.11 

- 4 .S 2 

34.92 

7.«5 

35.0s 

- 4.96 

39.96 

45.01 

7.9s 

7.94 

46.04 

44.99 

-5.01 

-^.95 

50.07 

7.71 

49.93 

- 4.77 

55.11 

7.26 

5 ^^.S 9 

-4.47 

60.13 

6. 63 


- 4.07 

65.14 

5 .«? 

64 . S 6 

-3.60 

70.13 

s.o 4 

69.87 

-3.06 

75.11 

4 .l 4 

74. S 9 

-2.49 

SO. 09 

3.1? 

79.91 

-l.SS 

S5.O6 

2.24 

s 4.94 

-1.29 

90.04 

1.33 

89.97 

-.72 

95.01 

.53 

94.99 

-.24 

100.00 

0 

100.00 

0 

L. E. radius: 1.174. Slope 

through L, E. : 0.0S4 

of radius 
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(a) M=0 8O 
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■ Max. C^-0.66 




(c) M=010 

Figure 9.- Typical records of right aileron position during 
pull-ups at various Mach niimbers showing 
oscillations. 
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Fig. 10 
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(b) During flutter, M = 0.g65, Cj^ = O .35 

Figure 10.- Photographs of the left aileron 
during aileron oscillations. 
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Figure 11.- Records of right aileron upfloat and oscillations 
during dive recovery at Mach nximber and airplane 
lift coefficient shown. 
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Fig. 13 
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Pigiore 12,- Photograph of left aileron taken on ground 
after dive recovery showing buckled trailing edge 
caused by severe flutter. 
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